Introduction
The incidence of duodenal ulcer in diabetic patients is about a third of that in the non-diabetic population.1 2This reduced incidence is usually ascribed to a decrease in gastric secretion,3 4 which in turn has been variously attributed to gastric mucosal atrophy,5 reflected in the increased incidence of pernicious anaemia in diabetics,6 and diabetic autonomic neuropathy.
Autonomic neuropathy in diabetes is thought to cause anorexia, vomiting,7 constipation, and diarrhoea, 8 9 and the similarity between these symptoms and those occurring after surgical vagotomy)l supports this view. Furthermore, these alimentary symptoms are often accompanied by impotence, bladder dysfunction, or postural hypotension, which are also thought to result from autonomic disturbance.
We assessed gastric acid secretion in 18 diabetics with various symptoms attributed to autonomic neuropathy using maximal stimulation with pentagastrin as a measure of parietal cell mass and the secretory response to hypoglycaemia as a measure of vagal function.
Patients and Methods
After informed consent had been obtained studies of gastric acid secretion were performed on 18 diabetic outpatients. Diabetic control had been satisfactory in all patients for several months before investigation. The patients were divided into three general clinical groups on the basis of their presenting autonomic symptoms: patients in cases 1-8 suffered from diarrhoea, those in cases 9-11 from recurrent episodes of vomiting, and in cases 12-18 from impotence or bladder dysfunction. There was some overlap of symptoms: patients in cases 1-4 also suffered from vomiting, and all 10 men were impotent; only in cases 12 and 15 were there bladder symptoms. The symptoms were classified as diabetic because they showed many of the described features of autonomic neuropathy and because other aetiological factors had been excluded by investigation (table I) Laboratory procedure followed closely that described by Baron."1 Studies were performed in the morning after a 12-hour fast and abstinence from smoking. With the patient in a semi-recumbent position a nasogastric tube was passed into the stomach and its position checked after five minutes by the injection and reaspiration of 20 ml of water. Patients were instructed not to swallow saliva and continuous asp;ration of gastric secretions was performed by constant hand suction. Patency of the tube was maintained by the intermittent injection of air. Gastric juice was pooled for 15-minute periods, filtered, and its volume and pH recorded. Titratable acidity was measured by titration with 0-1 M NaOH to pH 7-0, and gastric acid secretion was recorded as a concentration (mmol/l) or converted and expressed conventionally as mmol/h. Insulin Dose and Blood Sugar Measurements.-Neutral insulin (Insulin Novo Actrapid) was given intravenously only after 60 minutes' basal collection of gastric secretion had been completed, and additional intravenous insulin was given 3-120 minutes after the first dose in 11 patients to lower the blood sugar level to below 2-22 mmol/l (40 mg/100 ml). Clinical signs of hypoglycaemia were seen in all patients. An indwelling venous cannula was inserted to facilitate frequent sampling for venous blood sugar concentration and provide a route for 50% dextrose solutions should they be required. Blood sugar was measured by the glucose oxidase method, but in addition rapid estimations were provided by a reflectance meter technique (Dextrostix, Ames). Blood sugar was measured after completion of the basal collection and thereafter every 15 minutes until the end of the study (at which time normoglycaemia was restored, if not already present, by intravenous or oral administration of dextrose solutions).
Pentagastrin Test.-Immediately after completion of the insulin test pentagastrin 6 ,ug/kg body weight was injected subcutaneously and gastric secretion aspirated for a further 60 minutes.
Results
A minimum blood sugar of <1-94 mmol/l (35 mg/100 ml) was obtained in all but two patients (who experienced severe neuroglycopenic symptoms at a blood sugar of 2-50 mmol/l (45 mg/100 ml). The length of the post-hypoglycaemia collection tended to relate inversely to the time taken to obtain adequate hypoglycaemia, and in all but one case 15-minute collections were continued for at least 75 minutes (table II) (table II) . Two other patients (cases 4 and 12) had pentagastrin-fast achlorhydria and, therefore, vagal function was not susceptible to testing by insulin-induced hypoglycaemia. The rate of fall of blood sugar was 0-13 +0-020 mmol 1-1 min-' (2-34 +0-36 mg/ 100 ml/min) and the absolute fall 11 1 41-11 mmol/l (199 ±20 mg/ 100 ml) in those negative on insulin testing (impaired vagal function) and 0 11 +0 009 mmol 1-1 min-' (1-92 ±0-17 mg/100 ml/min) and 7-88 ± 1-44 mmol/l (142 ±26 mg/100 ml) respectively in those positive on insulin testing (intact vagal function); these differences were not significant. In those with negative responses the basal hydrogen ion concentration was higher, 57-5 ±7-1 mmol/l, than those with positive responses, 42-2 ± 11 2 mmol/l, but this d&fference was not significant. The maximum hydrogen ion concentration after hypoglycaemia in the group with impaired vagal function was lower, 53-8 +6-5 mmol/l, than that in those with intact function, 93-8 i12-4 mmol/l (P <0 01). The use of insulin in assessing whether gastric vagal innervation is intact presents problems in the diabetic patient; more insulin is required to induce hypoglycaemia than in non-diabetic patients. Sinee all our patients who needed insulin were being treated with beef insulins we used a pork insulin in tests of vagal function in the hope that its lower antigenicity' would reduce variations in insulin requirements and help to standardize the dose in relation to body weight. This did not happen, but we found that an initial dose of soluble insulin equal to the total daily requirement usually produced adequate hypoglycaemia. Those patients on oral hypoglycaemic agents were given an initial insulin dose of 04 U/kg, which often, however, required augmentation.
The rate of fall of the blood sugar level was similar in all patients and hence the time required to induce hypoglycaemia was longer in those patients with high initial blood sugar levels. Unfortunately the problem of high initial blood sugar levels cannot be overcome by performing the test on an inpatient basis giving the regular dose of insulin on waking.'7 The longer time required to induce hypoglycaemia in diabetics compared with normal people may lead to premature discontinuation of the test before the secretory response has occurred. This did not occur in our patients, however, because the collection was usually continued for at least 75 The role of impaired vagal function in the genesis of alimentary symptoms in diabetes is uncertain. We did not study diabetics without autonomic symptoms as controls, but certainly abnormality in insulin-induced gastric secretion was no commoner in those with diarrhoea or vomiting than in those with genitourinary symptoms. Oesophageal motility studies in diabetics provide further evidence of vagal impairment,2' and since in the individual patient the degree of abnormaJity of oesophageal motility does not correlate closely with that of insulin-induced gastric secretion vagal impairment may predominantly affect different parts of the gut in different patients and may indeed be as highly selective as current surgical vagotomy. Vagal impairment complicating diabetics may, by the resulting reduction in gastric acid secretion, account for the low incidence of duodenal ulcer in this disease, and our findings indicate that this is a more likely mechanism than reduction of parietal cell mass as a consequence of gastric mucosal atrophy.
Case Report This 36-year-old man had a three-year history of recurrent duodenal ulceration. On 12 February 1974 H.S.V. was performed. The duodenal cap was scarred but there was no stenosis. No difficulty was encountered during the operation. Diathermy was not used, all vessels and nerves being ligated with 00-silk. The raw surface of the lesser curve was not peritonealized. The patient was participating in a postoperative metabolic study, for which a subclavian catheter for intravenous alimentation and a nasogastric tube had been positioned.
Two days after operation the patient had pains in the epigastrium and left hypochondrium and became dyspnoeic. Chest x-ray examination showed a large bilateral hydrothorax. Thoracocentesis yielded 1400 ml of milky fluid from the right pleura and 400 ml from the left pleura. The fluid was a diluted solution of Intralipid, which the patient had received through the left subclavian vein. The subclavian catheter was removed. 
